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The precise source and cause of mechanically 
evoked sensory and motor responses can 
sometimes be surprisingly difficult to identify. 
Accurate interpretation ofthese responses may 
be confounded by peripheral as well as central 
nervous system mechanisms. Examples of such 
peripheral nervous system mechanisms likely 
to be of relevance to therapists have been 
selected from basic and clinical research. 
Symptomatic relief has been inferred to endorse 
the diagnostic specificity of mechanical 
stimulation. The extent to which this would be 
valid for relief acquired by neurological means 
is discussed in terms of endogenous pain 
inhibitory systems. 
[Zusman M: The meaning of mechanically 
produced responses. Australian Journal of 
Physiotherapy 40: 35-39.] 
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The meaning of 
mechanically 
produced responses 
Ina previous paper (Zusman 1992) it was suggested that, of itself, 
provocative mechanical stimulation 
may not be an infallible means of 
accurately locating the pathological 
source of pain reported by patients and 
neuromuscularly mediated 
impediments to normal movements 
and posture observed by therapists. 
The main reason given was that once 
rendered hyperexcitable and 
hyperresponsive by an initial barrage of 
nociceptive input, spinal cord (and 
supraspinal) neurones begin to respond 
to subsequent incoming information in 
an exaggerated and abnormal manner 
(central sensitisation) (Gulibaud 1991, 
Woolf 1991). Among other things, this 
is expressed as an expansion of their 
normal receptive fields. Given spinal 
cordneurones now respond effectively 
to normally ineffective and 
somatotopically inappropriate input 
from distant healthy tissue (Mense 
1991, Neugebauer and Schaible 1988, 
Schaibleet alI987). Moreover, spinal 
neurones not directly activated via 
nociceptive chemical events 
peripherally (peripheral sensitisation) 
also expand their receptive field to 
incorporate the area of injury (Mense 
1993, McMahon and Wall 1984). This 
pathologically induced capacity for 
central nervous system neurones to 
generate potentially misleading signals 
as to the spatial and modal nature of 
spontaneously arising and stimulus 
produced input is, of course, the 
central nervous system basis for 
referred pain, and some motor 
abnormalities, characteristic of 
peripheral tissue damage and 
inflammation (Bovie 1989, Mense 1991 
ab 1993; Waddell et a11990, Woolf 
1991ab). 
Effectively similar changes, with 
clinically relevant consequences, occur 
in the central nervous system following 
peripheral nervous system pathology . 
(Dubner 1991). However, with 
peripheral neuropathic pain syndromes 
there are, in addition, local events 
which may sometimes make it difficult 
to accurately localise the primary 
symptomatic source. The following 
paper discusses and cites clinical 
examples which illustrate this point. 
It was further suggested (Zusman 
1992) that reduction of pain and 
reflexly mediated muscular 
impediments to normal movement and 
posture following mechanical 
stimulation at some site did not 
necessarily constitute definitive proof 
that this was the actual or only source 
of such clinically observed symptoms 
and signs. Again, injury induced 
plasticity in the central nervous system 
was advanced to partly endorse this 
suggestion. However, to more fully 
illustrate this point, it is necessary to 
consider SOme of the features of 
endogenous pain inhibitory systems 
and their likely triggering with 
mechanical stimuli. 
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Potentially confounding 
periheral neuropathic events 
Basic research 
One of the peripheral mechanisms 
advanced by Devor and Rappaport 
(1990) for the positive symptoms of 
painful neuropathic syndromes is a 
phenomenon called crossed after 
discharge. Simply, this consists of 
bursts of prolonged rdativdyhigh 
frequency activity chemically induced 
in damaged axons by a brief period of 
mechanically produced activity in 
nearby normal axons. The 
phenomenon is considered to bea 
peripheral nervous system mechanism 
for the symptom hyperpathia, the 
paroxysmal spreading and lingering 
pain characteristic of trigeminal 
neuralgia and other neuropathic 
syndromes (Devor and Rappaport 
1990, Rappaport and Devor 1990). 
"While hardly profound, it is 
nevertheless a clear example of the 
potential to produce clinically specific 
responses by mechanical stimulation of 
normal and not just damaged tissue. 
Such is likely to be even more the 
case when it comes to dorsal root 
ganglia. The dorsal root ganglion is 
now recognised .as being a major 
contributor to the positive symptoms 
of peripheral neuropathic syndromes 
(Devor and Rappaport 1990). The 
ganglion has certain unique properties 
which make it different from nerve 
trunks and nerve roots. Unlike axons in 
:normal nerve trunks and roots, 
ganglion cell bodies are naturally 
mechanically sensitive,. producing 
functionally significant discharges in 
response to stimuli such as stretch and 
pressure. Under resting conditions, 
some cells discharge spontaneously. 
Following peripheral nerve pathology, 
both the spontaneous and mechanically 
provoked discharges from dorsal root 
ganglia increase substantially. This 
occurs despite the fact that the ganglia 
~emselves are not damaged or directly 
illvolved. Such an increase in activity 
contributes significantly to the barrage 
of input to dorsal horn neurones which 
is known to increase their 
responsiveness and is believed to have 
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excitotoXic effects on inhibitory 
interneurones (Dubner 1991, 
Sugimoto et alI990).Moreover, excess 
discharge occurs only in those ganglion 
neurones associated with the damaged 
peripheral afferents. Hence 
symptomatic referral or projection 
follows thedistributton of the nerve 
and not the normal dermatomal 
distribution of the ganglion (Devor 
and Rappaport 1990). 
Because oEtheir relative crudeness, it 
would seem difficult for provocative 
mechanical stimuli, including various 
neural tension tests, to avoid at least 
some mechanical stimulation of ganglia 
cells. This, and not only proposed . 
double crush mechanisms (Lundborg 
and Dahlin 1992), could be a basis for 
proXimally evocable but distally 
perceived responses with peripheral 
nerve pathologies, such as carpal 
tunnel syndrome. 
It is necessary to recognise that 
impulses generated at dorsal root 
ganglia, or at other abnormal ectopic 
sites, are interpreted by the brain as 
arising in the tissue originally supplied 
by the intact nerve. Generally, the 
brain has no way of knowing the actual 
pathological source of the abnormal 
incoming activity (Devor 1991). In 
situations where the ganglion itself is 
pathologically involved, creating equal 
activity in all of its components, 
symptomatic distribution would be 
dermatomal. Since the same is also the 
case for nerve roots and spinal nerves, 
non selective provocative mechanical 
manoeuvres would be hard put to 
isolate any single pathological source, 
Additional complications can arise 
from the fact that most peripheral 
nerve trunks distribute axons, via the 
ganglia, to a number of adjacent nerve 
roots. If the pathological site were 
nerve roots, and should crosstalk (fibre 
to fibre electrical excitation) as well as 
crossed after discharge develop, 
spontaneous and mechanically 
provoked responses could spread 
across several dermatomes (Devor 
1991, Devor and Rappaport 1990). 
Clinical Examples 
Raymond and Rocco (1990) have 
described an interesting clinical 
example of crosstalk in the L5 dorsal 
root ganglion following damage to 
large diameter cutaneous 
mechanoreceptors in the nerve roots. 
Although much of the L5 dermatome 
in the patient's leg was numb, light 
touch in the area caused flashes of 
painful tingling to radiate in the 
chronic distribution, namely towards 
the big toe. Moderate pressure to the 
calf (as well as local cooling or 
warming by more than S degrees C) 
reproduced chronic aching pain which 
persisted from minutes up to hours 
depending on the intensity and 
duration of the local mechanical (and 
thermal) stimulation. The authors 
concluded that large diameter afferents 
supplying the lower leg were damaged 
proXimally at the root but retained cell 
bodies (associated with the distal 
axons) in the dorsal root ganglion. The 
peripherally evoked pain was proposed 
to be a consequence of coupling, in the 
ganglion, of incoming impulses 
betWeen sotnaof the proXimally 
interrupted fibres and adjacent intact 
neurones. The latter could be either 
small diameter nociceptive neurones, 
or remaining large diameter neurones 
which drove hyperexcitable dorsal 
horn cells abnormally (Raymond and 
Rocco 1990). 
The same authors recently reported 
their conclusions following an 
extensive evaluation of three peripheral 
neuropathic pain patients (Raymond et 
al 1993). Included among these 
patients' symptoms were lingering 
touch-evoked allodynia, mislocation 
and lack of specificity of stimulus 
evoked sensations and what the authors 
termed triggerable regenerative 
episodes of intense pain. Rdief of pain 
following such interventions as neural 
blockade and antiadrenergic drugs, 
together with other rdated evidence, 
led them to conclude that the pain and 
disordered sensations experienced by 
these patients were mainly the result of 
events occurring in uninvolved dorsal 
root ganglia subs erving the injured 
peripheral neural tissue (Raymond et al 
1993). Support for this conclusion 
comes from work such as that of Devor 
and Wall (1990) and Kajander et al . 
(1992) which confirmed both increased 
spontaneous discharges and cross-
excitation within dorsal root ganglion 
following distal injury of peripheral 
nerves. 
In both cases, dues derived from 
basic scientific knowledge (confirmed 
by a series of peripheral and central 
nerve blocks) directed the clinicians' 
attention to proximal sites. However, 
excessive reliance on the specificity of 
mechanically provoked responses could 
have caused some confusion. This is 
because distal peripheral as well as 
proximal spinal mechanical stimuli, 
including nOn selective neural tension 
tests, would have approximately equal 
potential to reproduce most, if not all, 
of such a patient's clinically relevant 
symptoms and signs. 
Summary 
The foregoing is selected evidence 
from basic and clinical research which 
highlights the diagnostic limitations of 
mechanical provocation. Simply 
confirming the presence of clinical 
symptoms and signs can be of limited 
diagnostic and potential therapeutic 
value. In isolation, mechanical stimuli 
produce clinical responses which are 
not always easy to interpret accurately. 
Accurate interpretation of the meaning 
of mechanically provoked responses in 
terms of their source, as well as cause, 
frequently requires additional scientific 
information derived, at least in part, 
from specific diagnostic manoeuvres. 
Mechanical triggering of 
endogenous pain inhibitory 
systems 
Primary afferent mediated 
inhibitions 
There appear to be two therapeutically 
relevant types of primary afferent 
mediated inhibition in the central 
nervous system. (Melzack and Wall 
1988). One is the local segmental 
inhibition of small diameter 
nociceptive afferent input by adequate 
selectively produced input in large 
diameter mechanoreceptive afferents. 
The other is the more widespread 
inhibition of both small and large 
diameter afferent input (to convergent 
or wide dynamic range neurones) by 
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input in small diameter afferents 
stimulated heterotropically or non 
segmentally (Melzack and Wall 1988). 
The former requires that large fibre 
stimulation at least be in the 
pathologically relevant segment(s). 
However, in neither case is it 
mandatory for stimuli to be applied 
directly to the pathological site. In fact 
with the latter, it is therapeutically 
desirable that stimulation is applied to 
some distant pathologically uninvolved 
part of the body (LeBars and 
Villaneuva 1988). 
Symptomatic relief with mechanical 
stimuli may be obtained via either type 
of inhibition. Touch/pressure, stretch 
and passive movements of joints 
belong to a general group of 
treatments which come under the 
heading of stimulation therapy (Wall 
and Jones 1991). Included in this 
group is massage, TENS, heat, cold, 
acupuncture/acupressure, traction and 
exercise. Certain of these interventions 
are fairly selective as to the class of 
primary afferent stimulated. Some are 
known to have additional physiological 
benefits,eg metabolic. However, with 
all such interventions the therapeutic 
effect obtained by primary afferent 
input appears to be the result of one or 
other of the two types of inhibition 
mentioned (Melzack and Wall 1988). 
The proposal that passive movements 
of joints selectively excite large 
diameter (Group II) articular afferents, 
once thought to constitute around 50 
per cent of the fibres in articular nerves 
(Wyke 1985, Wyke and Polacek 1975), 
has been shown to be incorrect 
(Langford 1983, Langford and 
Schmidt 1983, Matthews 1988). 
Passive movements of normal joints 
excite varying proportions of both 
large and small diameter (Group III 
and IV) articular afferents throughout 
the joint's range of movements 
(Matthews 1988, Schaible and Schmidt 
1983). When joints are inflamed for 
any reason, the amount of Group III 
and IV articular afferent activity is 
increased substantially, again 
throughout the range of movement 
(Coggeshall et al198J, Grigg et al 
1986, Schaible and Schmidt 1985). 
This mechanically increased Group ill 
and IV afferent input may become 
functionally dominant, a finding 
suggested by, among other things (eg 
behavioural responses), recent work of 
Ferrell et al (1988). These authors 
found that the normal pattern of 
muscle reflex modulation considered to 
be mediated centrally by Group II 
articular input, was all but reversed 
when the joint was inflamed. It was 
proposed that unavoidable 
mechanically produced additional 
Group III and IV articular afferent 
input overrode the normal, now 
inadequate Group II afferent influence 
in the spinal cord (Ferrell et al 1988). 
Some degree of local inhibition with 
mechanical stimuli delivered directly to 
a pathological site may be mainly a 
consequence of supplementary input in 
large diameter cutaneous afferents. 
Unlike those afferents supplying deep 
tissue such as joint, muscle etc., small 
diameter cutaneous afferents appear to 
be largely impervious to mechanical 
sensitisation by chemical mediators of 
the inflammatory response 
(Handwerker and Reeh 1991). 
Therefore, mechanical stimulus 
parameters which maximise large 
diameter afferent input from the skin 
and at the same time minimise 
sensitised small diameter afferent input 
from deep tissue such as joint, muscle 
etc. would be therapeutically effective. 
The other possibility is that direct 
excitation of small diameter afferents 
supplying pathological deep tissue 
activateslocalsegmentalandlor 
descending inhibitory pathways. The 
latter may function through a form of 
negative feedback (Basbaum and Fields 
1984). This has yet to be adequately 
demonstrated in humans (Dickenson 
1991). Currently the only recognised 
physiological basis for inhibition 
following stimulation of small diameter 
primary afferents is the phenomenon 
known as Diffuse Noxious Inhibitory 
Controls (DNIC) (LeBars and 
Villaneuva 1988, Melzack and Wall 
1988). In brief, the therapeutic effect 
is due to the fact that if two intense 
(noxious) stimuli are applied to two 
distant areas of the body, the pool of 
convergent neurones activated 
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segmentally by the weaker stimulus 
(the pathological relevant segment 
clinically) will be inhibited (LeBars 
and Villaneuva 1988). Melzack and 
Wall (1988) state that: "The relatively 
widespread inhibition produced by this 
system ... provides a basis for the 
effectiveness of stimulation at a 
distance from the site of pain" (p. 243). 
Hence it is possible for either 
appropriate segmental, but distant, 
mechanical stimulation of large 
diameter afferents or non segmental 
stimulation of small diameter afferents 
to afford symptomatic relief. 
Theoretically it would not be 
mandatory for stimulation to be 
directed to a pathological or nearby 
involved source. Intentional or 
inadvertent stimulation at some distant 
pathologically uninvolved site could be 
just as effective. 
Summary and 
conclusions 
Spontaneously occurring clinically 
relevant symptoms and signs are 
ultimately a product of both peripheral 
and central nervous system 
mechanisms. As such, they are 
complexly derived and dispb.yed. Their 
true origin and significance are 
sometimes obscure and liable to 
misinterpretation. Rather than being 
invariably diagnostically definitive, 
provocative mechanical manoeuvres 
can compound these uncertainties. 
The provocative mechanical 
manoeuvres used by therapists are, 
neurologically speaking, relatively 
crude. They do not have the necessary 
specificity to always distinguish 
between pathologically and non 
pathologically involved tissues and 
sites, Since their specific systemic 
effects have not been investiga~d, the 
responses produced with such stimuli 
are subject to variously influenced and 
informed interpretation. 
The reasons for symptomatic relief 
produced asa result of these 
mechanical manoeuvres are nOt known 
for certain. Neurologically, this 
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appears to involve inhibitions in the 
central nervous system. Input conveyed 
centrally by different classes of primary 
afferents stimulated at a variety of sites 
has the potential to produce 
therapeutically effective inhibitions. 
Mechanical provocation can confirm 
the presence of clinically relevant 
sensory and motor responses. 
However, understanding what these 
responses might actually mean in terms 
of their source and cause would 
frequently require additional input 
from the basic sciences. 
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